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Abstract
Previous studies involving large isolated 
pulmonary arteries have suggested that the 
administration of high concentrations of natural 
androgen produces acute vasodilation. This 
study examines the acute effects of testosterone 
(T) and dihydrotestosterone (DHT), observed 
previously in large arteries, in small pulmonary 
arteries (SPA). Isolated segments of SPA taken 
from the lungs of Sus domestica (n = 4, mean 
outside diameter = 313 ± 26 μm) were doubly 
cannulated and perfused with physiologic saline 
solution (PSS). The vessels were also simul-
taneously superfused in PSS and pressurized 
to 17mmHg. After a period of equilibration, 
the observed trend of the SPA to both T and 
DHT appeared to be that of a dose-dependent 
vasodilation. The concentrations of T and 
DHT necessary to induce vasodilation in the 
SPA may be lower than those needed to induce 
similar responses in large pulmonary arteries.
Introduction
Blood pressure is the product of cardiac 
output and total peripheral resistance. As 
blood vessels constrict, vascular resis-
tance to blood flow increases resulting in 
a concomitant increase in blood pres-
sure. In 2006, over one million Ameri-
cans died as a result of cardiovascular 
disease, and many more struggle on a 
daily basis to maintain their health as 
America continues to grow older in age. 
For these millions of people combat-
ing hypertension (high blood pressure), 
designing future treatments based on the 
administration of endogenous hormones 
could prove to be advantageous. With 
increasing interest, the role of androgens 
(such as testosterone) in the pathogen-
esis of cardiovascular disease has been 
under intense investigation during the 
past fifteen years. The vascular beds 
of the pulmonary network represent a 
substantial component in overall periph-
eral resistance. Dilation of the pulmo-
nary system might be a useful approach 
to lowering total peripheral resistance. 
Previous studies have suggested that 
vasodilatation of isolated large pulmo-
nary arteries (LPA) of S. domestica (~1 
cm outside diameter) could be achieved 
in vitro through the administration of 
testosterone, testosterone precursors 
(androstenedione and dehydroepiandros-
terone), and testosterone metabolites (di-
hydrotestosterone, Trichler et al., 2006). 
This dilation of LPA may result in a net 
decrease in blood pressure; however, the 
LPA serve only as conduits and represent 
a small portion of the pulmonary circula-
tion. The effects of androgens on the 
microvasculature are still unknown, and 
vascular response in the microcirculation 
might not require the high concentrations 
of steroids necessary to stimulate dilation 
in the LPA. Thus, the primary purpose of 
the experiments completed in this study 
was to evaluate the responses of SPA to 
T and DHT. 
Microcirculation is responsible for the 
precise regulation of blood flow within 
the various organ systems of the human 
body. As the oxygen demands of the lo-
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cal tissue change, the level of blood flow is continuously adjusted 
to meet the necessary requirements. As the vascular diameter 
changes as a result of autoregulation, blood pressure is also 
affected. In most forms of pulmonary hypertension, the burden 
of pathology is localized to the small intrapulmonary arteries 
(Bonnet and Archer, 2007). The microcirculation is typically 
heterogeneously regulated (Jones et al., 1995), i.e., it is common 
for different sized blood vessels to respond differently to various 
physiological stimuli. It is also suggested that vessel size may 
play an important role in reactivity. Prior studies have demon-
strated that large vessels appear to require a higher amount of 
steroid to elicit vasodilation than smaller vessels of the same spe-
cies (Yue et al., 1995). Based on these two key observations, the 
primary goal of this research is to investigate the acute responses 
of SPA to endogenous androgens, as the microcirculation may be 
more sensitive than the previously tested LPA. We hypothesize 
that androgens will induce acute vasodilation at concentrations 
lower than previously observed in LPA. In the current investiga-
tion, androgen levels tested were between 1 x 10-9 and 1 x 10-5 M.
Methods
Experimental animals. The lungs of S. domestica 
(domestic pig) were obtained from Devries Meats, Inc., 
of Coopersville, Michigan, and transported to a research 
laboratory in Padnos Hall, Grand Valley State University, in 
ice-cold 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES) buffer composed of 140 mmol/l NaCl, 4.7 mmol/l 
KCl, 1.3 mmol/l CaCl2, 1.0 mmol/l MgCl2, 10 mmol/l HEPES 
(C8H18N2O4S) and 11.1 mmol/l glucose. 
Preparation of vascular tissue. Intrapulmonary arteries (n 
= 4, mean resting outer diameter = 313 ± 26 μm) were care-
fully dissected from the lung near the distal end of the third or 
fourth branch of the bronchial tree and cleared of parenchymal 
tissue. Dissected arteries not immediately used were stored for 
no longer than 24 hours in a Petri dish containing HEPES buffer 
solution and refrigerated at 4°C. 
Experimental apparatus. At the time of the experiment, seg-
ments of the dissected SPA were mounted on glass micropipettes 
(2 mm outside diameter) tapered to a point of ~200 μm outside 
diameter in a superfusion-perfusion chamber (fig. 1) and bathed 
in Krebs-Henseleit solution (118 mmol/l NaCl, 4.8 mmol/l KCl, 
1.2 mmol/l MgSO4, 1.2 mmol/l KH2PO4, 25 mmol/l NaHCO3, 2.5 
mmol/l CaCl2, and 11 mmol/l glucose). The vessel was secured 
to each cannula with 8-0 nylon sutures and extended to in situ 
length. Side branches present on the isolated vessel were tied off 
using single strands of nylon teased from 8-0 sutures.
Fig. 1. Cut-away diagram of the superfusion-perfusion isolation chamber.
The superfusion-perfusion chamber was positioned on the 
stage of a dissecting microscope (Leica Microsystems, Wetzlar, 
Germany). A superfusate reservoir served to warm Krebs-
Henseleit solution to 37oC and bubble with a gas mixture 
composed of 15% O2, 5% CO2, and 80% N2 (Al-tinawi et al., 
1991). The warmed PSS was channeled into the superfusion-
perfusion isolation chamber from the superfusate reservoir as an 
equal volume of PSS was drained via peristaltic pump (fig. 2). 
By adjusting the height of the perfusate reservoir, intralumenal 
pressure was set at 17 mmHg to approximate in vivo pressure 
(English et al., 2001). The intralumenal pressure of the mounted 
isolated vessel was monitored in the same fashion as a U-tube 
manometer. Any vessel that could not maintain 80% perfusate 
outflow pressure to perfusate inflow pressure was discarded and 
another segment was taken. The approximate average perfusate 
outflow to inflow for all experiments (n = 4) was 95%. 
After a 1-hour initial equilibration period, the mounted artery 
was exposed to KCl (60 mmol/l) to assess the viability of the 
preparation. Arteries that did not exhibit a normal constrictive 
response to KCl were not used in this experiment. Viable arteries 
were then rinsed and administered increasing concentrations 
of DHT or T. Upon completion of the first randomized andro-
gen experiment, the vessel was re-equilibrated in fresh PSS for 
twenty minutes before being exposed to the second androgen. 
Vascular responses were monitored via a digital camera at-
tached to the ocular lens of the dissecting microscope. Vascular 
reactivity to each dose of steroid was recorded as a 1.3-mega- 
pixel JPEG digital image (fig. 3). The digital photographs were 
printed and vessel diameter measurements were taken from the 
prints using analog calipers (Sears-Craftsman, Hoffman Estates, 
Illinois). Change of the vessel outside diameter was measured in 
millimeters and converted to microns using a derived conversion 
ratio of 1mm:18.13μm. Vessel responses for each experiment 
were expressed as percent change relative to control diameter 
(maximum diameter – control diameter / control diameter x 100).
20
Fig. 2. Diagram of experimental apparatus. Flow arrows mark path traveled by 
digital image signal, fluid, or gas.
Chemical reagents and drug preparation. DHT (5α-
ANDROSTAN-17β-ol-3-one), and T (4-ANDROSTAN-17β-ol-
3-one) were purchased from Sigma-Aldrich Chemical Co. (Saint 
Louis, MO) and dissolved in ethanol and methanol respectively. 
All other chemicals were obtained from Fisher Biotech (Fair 
Lawn, NJ), Acros Organics (Geel, Belgium), or Sigma-Aldrich 
Chemical Co. (Saint Louis, MO) and were of reagent grade qual-
ity. All solutions were made fresh daily. The concentrations of all 
chemicals and drugs are expressed as the final concentration in 
the tissue baths.
Fig. 3. Example of an isolated pulmonary artery (not to scale) exhibiting 
vasoconstriction (A), control (B), and vasodilation (C).
Data analysis. All data are expressed as mean percent change 
in vascular diameter ± SE; n represents the number of vessels 
studied. Data was analyzed using a two-way repeated measure 
ANOVA. 
Results  
Effects of DHT on SPA diameter. Though a statically signifi-
cant dilation in porcine SPA was not found, a progressive trend 
suggests the increase of vascular outside diameter from 8.0 μm 
at 1 x 10-9 M (normalized to 11.3 ± 4.1% increase in vascular 
outside diameter compared to control) to 28.7 μm at 1 x 10-5 M 
(18.7 ± 8.7%). These dilations were seen in response to step-
wise increase of DHT concentration and appeared to be dose-
dependent (fig. 4). The dilations were reversible since the vessel 
returned to control diameter upon removal of DHT from the 
tissue bath. 
Fig. 4. Dilation of porcine pulmonary arteries in response to increases in DHT. 
Data are mean percent change of vessel outer diameter (± SEM) from control 
diameter. Resting diameter of vessels before introducing dihydrotestosterone to 
the vessel bath was 297.6 ± 24.1 μm (n = 4).
Fig. 5. Dilation of porcine pulmonary arteries in response to increases in T. Data 
are mean percent change of vessel outer diameter (± SEM) from control diam-
eter. Resting diameter of vessels before introducing testosterone to the vessel 
bath was 328.7 ± 25.9 μm (n = 4).
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Effects of T on SPA diameter. The in 
vitro activity to T was similar to that of 
DHT; a progressive dilating trend from 
12.2 μm at 1 x 10-9 M (3.5 ± 2.4%) to 
30.5 μm at 1 x 10-5 M (8.9 ± 2.5%). 
The dilations were seen in response to 
stepwise increase of T concentration and 
also appeared to be dose-dependent (fig. 
5). Upon draining the vessel bath and 
refilling with PSS, the vessel returned to 
control diameter. 
Discussion
The primary objective of this research 
was to enhance our understanding of 
the upper and lower limits of vascular 
sensitivity to the androgens testosterone 
and dihydrotestosterone in the pulmo-
nary microcirculation. These experiments 
have demonstrated a trend, under the 
conditions outlined in previous sections, 
of dilation in porcine SPA to both T and 
DHT. This study did not adequately de-
termine the lower concentration limit for 
androgen-induced vasodilation, and this 
area warrants further investigation. 
Several hypotheses for the mechanism 
of vasoreactivity are pertinent to this 
study and have been taken into con-
sideration. One hypothesis states that 
testosterone and other androgens elicit 
vasodilation by stimulating the release 
of endothelial nitric oxide (NO). NO is a 
powerful vasodilator that can be deliv-
ered by the vascular endothelium via 
stimulation of the enzyme NO synthase. 
This hypothesis has been rigorously 
investigated by experiments involving 
vascular denudation (intentional removal 
of the endothelium) and NO inhibition. 
These studies suggest that although 
vasorelaxation is lessened, denudation 
and NO inhibition are not sufficient to 
abolish testosterone-induced vasodilation 
(Yue et al., 1995; Costarella et al., 1996; 
Honda et al., 1999; Ding and Stallone, 
2001; Tep-areenan et al., 2002). In this 
study, every effort was taken to ensure 
that the endothelium was intact. How-
ever, due to the nature of the experiments 
performed in this study, the integrity of 
the endothelium may have been inadver-
tently compromised. 
An alternative hypothesis implicates 
activity of vascular smooth muscle 
(VSM) potassium ion (K+) channels in 
the mechanism of androgen-induced 
vasorelaxation. The activity of K+ chan-
nels, found in virtually all cell types, 
plays an important role in regulating the 
resting membrane potential (Em). Several 
types of K+ channels exist in biologi-
cal tissue including voltage-gated (KV), 
Ca2+ sensitive (KCa), and ATP sensitive 
K+ channels (KATP)(Bonnet and Archer, 
2007). In the pulmonary microcircula-
tion, the dominant K+ channel appears 
to be large conductance Ca2+ sensitive 
channels (BKCa) (Jackson, 2000). The 
BKCa are activated by membrane depo-
larization and increases in intracellular 
Ca2+. The resulting interplay between the 
opening of K+ channels and VSM results 
in membrane hyperpolarization and 
subsequent vasodilation. Some known 
vasodilators, including NO (Archer et 
al., 2004), carbon monoxide (Wang et 
al., 1997), and epoxides of arachidonic 
acid (EETs) (Zhang et al., 2001), ap-
pear to activate BKCa channels in some 
systems either directly or by activation 
of protein kinases (Jackson, 2000). It is 
not yet known if the VSM has androgen 
receptors and dilates in response to direct 
stimulation, or if the presence of steroid 
alters the BKCa affinity for Ca
2+ eliciting 
the vasodilation. This reactive nature 
of androgen supplementation could be 
further defined by eliminating the avail-
ability of extracellular calcium ions. A 
recognized improvement for the current 
protocol would be employing a Ca2+-free 
PSS to further delineate the vascular 
responses to androgens.
Additionally, the function of the vascu-
lar system is altered by sex. Arteries that 
originate from different sexes of animal 
have been shown to react differently to 
the same steroid (English et al., 2001). A 
valid criticism of this investigation is that 
it does not account for the differences in 
sample sex. However, in the current ex-
periment vessels were obtained from the 
lungs of either female or gonadectomized 
male pigs. Because the development 
of the vascular tissue persisted in the 
absence of gonadal hormones (males), 
it is unlikely that, in this instance, sex 
would be a substantial confounding 
variable. Though the dynamics of sex 
steroids remain a concern, it was beyond 
the scope of this study. A more complete 
revision of this research model would 
be to use an equal distribution of tissues 
from both male and female subjects, with 
and without intact gonads.
The goal of this investigation was to 
determine the response of SPA to T and 
DHT. The large error bars observed in 
fig. 3 and 4 are attributed to two main 
factors: small sample size and inciden-
tal human error in vessel measurement. 
More so is the relatively small number of 
samples used in this experiment. It is an-
ticipated that similar results will be found 
through repetition, and doubling of the 
sample size would show a statistically 
significant variation in vessel diameter. 
Several vessels not accounted for also 
behaved in a similar fashion, but failed 
to respond to either KCl or NO donor, 
sodium nitroprusside at the end of the 
experiment. Thus, these vessels were not 
used in the interpretation of the findings. 
Nevertheless, this in vitro experiment 
has provided some useful insight into 
the vascular reactivity of the pulmonary 
microcirculation. Future investigation in 
this area may ultimately lead to novel ap-
proaches to treat pulmonary hypertension 
and related cardiovascular diseases.
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The Critical Nexus: Deindustrialization, Racism and Urban Crisis in Post-1967 
Detroit
Introduction
The Detroit vice squad entered the 
“blind pig”1 during the early morning 
hours of July 23rd, 1967. What began 
as an almost routine raid initiated a five- 
day riot that would leave 43 dead, 467 
injured, 7,200 arrested, and over 2,000 
buildings scorched.2 The Detroit case 
was not the first violent outcry by African 
Americans during the Civil Rights Era. 
The turbulent 1960s were marred by 
many such riots from New York to Chi-
cago to the Watts section of Los Ange-
les. These riots struck city centers with 
great veracity, but the fact that similar 
incidents occurred in so many dissimilar 
cities begs the questions of what these 
cities have in common, and were these 
incidents less like riots and more like 
rebellions against the inequality that 
persisted in urban centers well beyond 
the apparent successes during the civil 
rights movement?3 Tensions were high 
across the country as racism persisted 
and inequalities remained salient. Blacks 
in many major cities were without work 
and equal access to adequate housing. 
Opportunities were limited for blacks as 
quality education and stable employment 
were difficult to secure. Many thought 
Detroit was different than other urban 
centers; Detroiter Ron Scott explained 
the misconceptions about Detroit’s im-
munity to a riot:
A lot of people felt it couldn’t hap-
pen in Detroit because people had 
good jobs, they had homes, and 
generally it was a good time, it was 
carefree, and people didn’t have 
anything to worry about. But you 
can’t always judge things by how 
they appear on the surface. Inside 
most black people there was a time 
bomb.4
The time bomb Ron Scott was refer-
ring to was indicative of a widespread 
frustration that was even better illustrated 
by the rebellions springing up across the 
country. These riots were a symptom of 
some very deep racism and classism. 
Though significant strides were made 
during the Civil Rights era, many of 
the changes did not tangibly impact the 
everyday lives of blacks,5 and during the 
1960s and 1970s the nation saw a more 
militant and proactive activist orienta-
tion. It is in this context that universal 
black frustration had the potential to 
translate into violence and rebellion.
On the surface it seemed as though 
Detroiters were working and moving into 
the middle class, but in reality jobless-
ness was increasing with each year as 
industry began to decentralize and auto-
mate.6 The world economy was changing 
and so were cultural attitudes. The riots 
that occurred in Detroit at the end of July 
1967 were not senseless or causeless as 
some would suggest: “There were some 
civil rights overtones, but primarily this 
is a case of lawlessness and hoodlumism. 
Disobedience to the law cannot and will 
not be tolerated.”7 The racial antagonisms 
and sentiments of unrest grew from a 
long tradition of systematic discrimi-
nation that impacted many aspects of 
everyday life. It is true that conditions do 
not exist in a vacuum, and as Williams 
Julius Wilson described in his 1990 book 
examining joblessness in Chicago, When 
Work Disappears, “racial antagonisms or 
the expression of racial tensions are the 
result of social, political and economic 
influences.” 
Prior to July 23rd, 1967, Detroit had a 
history that shaped its environment into 
1 An illegal after-hours night club.
2 For more description of the 1967 riots see The Algiers Motel Incident.
3 These questions are not the focus of the following pages but important to mention nonetheless.
4 Hampton, Voices of Freedom, 375.
5 Though the civil rights movement did much for the ideal of equality, structural changes had not occurred on a wide enough scale to translate into real 
equality.
6 Sugrue, Origins of the Urban Crisis, 21.
7 Michigan governor George Romney as quoted in the August 4th, 1967 TIME article about the riots. For further description by TIME see the issue. Gov-
ernor Romney’s insistence that the riots were mostly “hoodlumism” echoes the sentiment of many members of the State during this time.
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